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Density	Functional	Theory
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Density	Functional	Theory
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LAPW:	Wei	&	Krakauer (1985);	Singh	(1994)



Temperature

Classical
Q
uantum



First	Principles	Molecular	Dynamics
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FPMD

• Density	Functional	Theory
• Born-Oppenheimer	Molecular	Dynamics
• Mermin Functional
• Projector	Augmented	Wave	Method
• Exchange-Correlation:	PBEsol,	HSE06,	+U
• NVT	Ensemble
• Kubo-Greenwood	

Kresse et	al.	(1992);	Kresse and	Joubert (1996);	
Mermin (1965);	Perdew et	al.,	(2008);	Nosé (1984);	
Hoover	(1985);	Desjarlais et	al.	(2002)
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Ultra-low	velocity	zones	(ULVZ)

McNamara et al. (2010) EPSL
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Magnetic	Collapse	via	FPMD

Holmstrom & Stixrude (2015) PRL; (2016) PRB

Mg0.75Fe0.25O



Partial	melts	denser	than	solids

Muñoz	Ramo &	Stixrude	(2014)	GRL
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Equation	of	State

Stixrude & Karki (2005) ScienceMgSiO3



Grüneisen Parameter,	g

Stixrude	&	Karki (2005)	Science;	Karki et	al.	(2006)	PRB;	Karki et	al.	
(2007)	PRB;	de	Koker et	al.	(2008)	GCA;	Mookherjee et	al.	(2008)	
Nature;	Sun	et	al.	(2011)	GCA;	de	Koker (2010)	GCA
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Basal	Magma	Ocean

Labrosse et	al.	(2007)	Nature



Earth’s	Ancient	Magnetic	Field

Glatzmaier &	Roberts	(1995)	Nature
Tarduno et	al.	(2015)	Science
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Hypothesis:	Silicate	Dynamo
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Electrical	conductivity	of	silicate	liquids

At	low	pressure	and	temperature:	
small and	ionic

Ni	et	al.	(2015)	Revs.	Geophys.
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Scipioni et	al.	(2017)	PNAS

Electrical	conductivity	of	silicate	liquids

At	high	pressure	and	temperature:	
large and	electronic
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MgSiO3 Xiao	and	Stixrude (2018)	PNAS
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Conclusions

• Partial	melts	sink	at	the	bottom	of	the	mantle
• Much	easier	to	melt	the	whole	Earth	than	
previously	thought

• Magma	ocean	starts	crystallizing	from	the	middle
• Crystals	may	float	in	the	magma	ocean
• Silicate	dynamos	are	possible
• Silicate	vaporization	is	much	easier	than	we	
thought


